The SrS:Ce,Sm phosphor is suitable for operation in harsh radiation environments where real-time dosimetry measurements are needed to survey the Total Ionizing Dose (TID) damage in electronic components. For these applications, the OSL and RL emissions from this phosphor can be exploited by mounting the SrS crystal at the edge of a single, radiation hard, optical fiber. In this work we present an exhaustive characterization of this real-time OSL/RL probe including stability, repeatability of the measured signals, dosimetry performance and measurements of the temporal behavior of the RL signal in pulsed particle beams.
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Introduction
Monitoring ionizing radiation around High Energy Physics (HEP) beams is a difficult task due to the complexity and intensity of the generated radiation fields. The phosphor SrS:Ce,Sm developed by the University Montpellier II in France proved its suitability for operation in harsh radiation environments where dose measurements are needed to survey the Total Ionizing Dose (TID) damage in electronic components (Ravotti et al., 2004) . Both Optically Stimulated Luminescence (OSL) and RadioLuminescence (RL) emissions from the SrS:Ce,Sm can be exploited for such a purpose (Ravotti, et al., 2007) .
In this work we investigated the performance of a real-time monitoring system based on a SrS crystal mounted at the edge of a single, large core, optical fiber. With this probe layout, the OSL and RL luminescent signals are guided away from the measurement point, collected at the other end of the fiber by means of a photomultiplier tube (PMT), and processed by a dedicated DAQ system (Benoit et al., 2008) . For HEP applications, particular care has been taken in the manufacturing of this monitoring probe in terms of geometry, dimensions, stimulation-collection efficiency and radiation hardness. In particular, the chosen optical fiber is a custom made radiation-hard quartz fiber from Polymicro Technologies, USA, of 600m core diameter . The probe head consists of a SrS sample embedded in a Hostaform ® (POM) or a Dural ® cylinder of 3mm diameter and 10mm length. The choice of the head material is made according to the composition of the radiation field to monitor.
Radiation damage survey in HEP is usually performed with semiconductor devices that allow for measuring the TID with an accuracy of ±20% in harsh radiation fields (Ravotti, et al., 2007b that this radiation monitor can be simultaneously used as an on-line time-structure monitor for pulsed particle beams.
Irradiation Experiments
The irradiation campaigns were performed in two facilities where radiation fields, representative of the environmental conditions found in HEP, are available.
At the FLASH facility of DESY, the field was composed of electrons and photons (Mukherjee and Simrock, 2008) . During routine operation at FLASH, copious levels of bremsstrahlung photons are produced due to the collision of electrons with the accelerator parts; in particular, an intense and continuous radiation field is expected at the RF Gun region of the accelerator,
where our monitoring system was tested. The measurement probe used at FLASH had a sensitive head encapsulated in POM plastic. In the DESY experiment, the stability of the OSL signal has been measured over a long period of stable RF power. A laser pulse of 1.5s duration was used to stimulate the SrS phosphor and the peak amplitude of the resulting OSL signal decay was recorded.
In the IRRAD6 facility at CERN Proto-Synchrotron (PS) complex (Glaser et al., 2006) , a secondary radiation field composed mainly of neutrons, photons and charged hadrons is generated from the interaction of the primary 24 GeV/c protons with a beam absorber. In this mixed radiation field the dose-rates and the particle intensities are close to the one expected in hadron facilities like the CERN Large Hadron Collider. In normal operation, the proton bursts are delivered from the CERN PS accelerator in "spills" of about 350ms width and with an average intensity of ~2-410 11 p/spill. The probe in IRRAD6 was placed 27cm off beam axis in the radial direction and 10cm from the absorber along the beam line. To reduce the sensitivity to the fast neutrons component of IRRAD6, the used probe had a sensitive head encapsulated in a Dural ® alloy. In the CERN experiment both RL and OSL signals were measured. The RL signal was directly recorded from the PMT by means of an oscilloscope while the OSL decays was triggered by a 2s laser stimulation.
In OSL mode, both the DESY and the CERN probe were initially calibrated with gamma-rays showing a linear sensitivity up to 150mV/cGy (Benoit et al., 2008) .
Results and Discussion

Stability in OSL
The stability measurement performed at the FLASH facility is shown in Fig. 1 . Here, the cumulated dose measured via OSL every 15min (expressed in the plot in terms of mean dose-rate), is compared with the temporal behavior of the RF power as function of the experiment time. The dose integration time (15min) was chosen to obtain a satisfying signal-to-noise ratio. The OSL measurements match well the behavior of the RF Gun power and the recorded dose-rate is consistent with early dose measurements performed with TLDs (Mukherjee and Simrock, 2008) . The stability of the OSL signal can be evaluated during the 10h period of stable RF power. All OSL measurements spread in a range of ±5% with respect to their mean value. Only one point presents a variation to the mean of more than 10%.
Repeatability in OSL and RL
The repeatability is defined as the ratio of the standard deviation over the measurements mean. In OSL, the repeatability has been evaluated in IRRAD6 by using a set of 229 measurements recorded with a dose integration time of 1.66min. This time   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 interval has been chosen to allow the integration of a TID produced by 12 consecutive proton spills (a few Gy) delivered to the beam absorber. The number of incident protons per spill varied at each extraction and it was precisely measured by means of a Secondary Emission Chamber (Bernier et al., 1997) . The result of this measurement, shown in Fig. 2 , indicates a repeatability of about 6%.
For the RL, the repeatability has been evaluated using a set of 15 measurements by integrating 12 consecutive proton spills each. The integral of the RL signal has been directly measured with the oscilloscope. The repeatability in this operation mode has been found to be better than 2%, confirming previous measurements carried out with the same probe in a photon field (Benoit et al., 2008b) .
Accuracy of the dose measurement in OSL
In order to compare the results of our system with other dosimetry methods used in routine at CERN, different passive dosimeters (Radio-Photo Luminescent -RPL and Gafchromic films HD-810 (Glaser et al., 2006) ) were exposed during 15h
together with the sensitive head. Three to four samples of each dosimeter type were simultaneously irradiated.
The results obtained are summarized in Table 1 . The dosimetry measurement carried out with our system in OSL, by adding the dose recorded during several measurements over the 15h exposure time, is in agreement within 20% with respect to the RPL measurement. The RPL has been chosen as reference because of its reduced sensitivity for the IRRAD6 neutrons (Ravotti, et al., 2007b ). This result is promising when taking into account the complexity of the radiation field and the different calibration conditions of each dosimeter. The different calibration conditions are also accounted in the computation of the experimental error that affects the values presented in Table 1 .
Temporal behaviour of the RL signal
To investigate the capability of the system to temporally resolve the particle beam's structure concurrently with dose measurement, Fig. 3 (top) shows an RL measurement of a ~350ms wide proton spill in IRRAD6 directly recorded with the oscilloscope at the output of the PMT. Although the probe in IRRAD6 was not placed directly in the primary beam direction, the signal measured by the SrS phosphor, clearly maintains the original time structure of the incoming particle beam. Despite the noise that affects this measurement, the temporal structure of the proton spill is clearly visible and in good agreement with the one monitored in the PS accelerator with a dedicated device (air scintillation chamber shown in the bottom of Fig. 3 (Johnson et al., 1976) ). Repeated measurements showed similar agreement, and also revealed the possibility to discriminate faster proton spills down to ~40ns time-width and spaced 265ns apart.
Conclusion
In this work we characterized a real-time optical fiber OSL/RL dosimetry system based on the SrS:Ce,Sm phosphor for its routine utilization in HEP. The peculiarity of HEP radiation environment (mixed and intense fields) requires a detailed characterization of the sensors that have to be used in it. The performance of our system in the bremsstrahlung photons of DESY and in the mixed hadron field of CERN lie well within the 20% precision limit required in HEP dosimetry applications for radiation damage survey. In addition to this, the analysis of the time behavior of the RL signal emitted by the SrS:Ce,Sm, promotes the use of this OSL/RL system as a multi-purpose, real-time beam monitor device for fast and intense HEP particle beams .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65 Gaf. Film HD-810 78.4 (± 7%) +16.5
(1) The variation is calculated as: (Dx -DRPL)/DRPL*100. Table 1 Figure 1
